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ABSTRACT

The positive histochemical tescs obtained on rheoielarnins indic Ite a

relationship with tissue lipofuscins, whi:h are also :i,,.l ri' in p;irL. In

addition chemical analysis indicates that the rheomel:,nins ,ontain protein

and lipid just as lipofuscins do. Fluorescence exhilbited by the rheorelanins

also seems to ally them to the lipofuscins.
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INTRODUCT ION

Earlier studies showed that rheomelani.s (blood plas:na soluble MClanins)

form during incubation at 37 0 C from, the citecrholamnins, [,-da and catechli il

human whole blood containing added heparin, or potassium oxalace (Hegedus &

Altschule, 1970a; llegedus et al., 1971; Hegedus et al., 1978). Further work

showed the apparent occurronce iti vivo of rhenmelanins in hutrtan blood (}!egedtt.

1977). These rheomelanins (in vivo and in vitro) have khiracteristic yellow-

green fluorescence when activated at wave-length of 366 nm, which seerls to re-

late them to the solid lipofuscins rather than the solid melanins (liegedus &

Altschule, 1970a; llegedus et al., 1971; legedus et al., 1978; Van Woeri 4,

Ambani, 1974). In order to study this further, slightly modified histochemical

tests for solid lipofuscins in tissue slices and chemical tests for proteins,

lipida and mucoproteins were applied. The results of this study are described

below.
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MET I Ir ),S

Isolation of the Rheomelanins

The isolation was carried out in nitrog'.eli atmo:'iler. usiig deaired aid

nitrogen saturated solvents to avoid ally ]d.! ol.. I ih! 0.I inI lieparin ized

plasma samples were spotted on four Whatman No. 17 lreparaLfve chro!:atography

paper strips. Each strip was approximately '4 cm 1(m:g and i8 cm wide. These

strips had been previously washed with distilled water and with the first de-

veloping solvent system (acetone:ethanol:1120 - 1:1:18).

After spotting, partially drying the spots for 10 minutes and developing

these chromatograms in a round glass jar under nitrogeti, the yellow spot with

the yellow-green fluorescence found at an Rfz IV0.75 in the almost dried paper

was cut out and eluted with distilled water. The obtained impure rheor-elanins

after concentration to 4 ml were subjected to a second chromatography on anot~hr

set of four Whatman No. 17 preparative chroatography paper strips, (sa-e si:me .as

above), prewashed with water and the second developing solvent system (ispropanol:

acetone:H 0 3:4:13). After spotting, part ially drying the spots for 11 wi:lutes,2

the chromatograms were developed under nitrogen. The yellow spot with the yellow-

green fluorescence in the almost dried paper was cut oit and eluted again with

water. Approximately 45 mg of dried rheomelanins were obtained from 4 ml of

plasma.

Chemical Composition Studies

In order to determine the relationship between the isolated plasma soluble

fluorescent melanins and the lipofuscins, we have applied some of the histo-

chemical tests used for solid lipofuscins in tissue slices to our isolated com-

pounds. The isolated rheomelanins were subjected to the following tests:

(A
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1. Periodic Acid-Schiff Test

2. Long Ziehl-Neelsen Test for Acid Fast lilpofuscii

3. Alternative Nile Blue Method
4. Schmorl Test
5. Sudan Black B in Alcohol
6. Chrome Alum Hematoxylin Test
7. Protein Determination
8. Specific Miucoprotein Test
9. Phosphoric Acid-Vanillin Lipid Determination

The histochemical methods were slightly modified to be applicable to the

isolated compounds on Whliatman chromatography paper No. 1, silica gel ri plastic

sheets and on a porcelain plate. The procedure followed is described under each

of the tests.

(1) Periodic Acid Schiff Test (PAS) - The rheomelanins in H 20 (,Vl.0 rg) were

spotted on a piece (1.5 cm square) of Whatman No. I chromatography paper and on

silica gel on plastic sheet (0.2 !itm thickness) without flueresceit indicator

(E. Merck). They were dried and stored iti the refrigerator for at least 24 hours

for further drying.

The solutions for this test, ramely the de Thowasi Schiff reagetIt, thc

periodic acid solution and the sulfite rinse, were pr(,,ared Collowir:g the pru.ce.du:c

for the test described by Culling in his book (Culling, 1963).

The well dried spotted samples were placed in distilled water for 30 seconds

and then they were inmersed in a 1% aqueous periodic acid solution for - ;min.,

washed in distilled water, immersed into the Schiff reagent for 20 min., rinsed

3 times with the sulfite rinse, washed with water, and left to dry. A positive

reaction was indicated by the formation of a dark magenta color on both the

paper and the silica gel plastic sheet.

No dark magenta color was observed using a blank chromatography paper, silica

gel or control. Phenylether was used on the same kind of Whatman paper and silica

gel plastic sheet as control to check for any non-specific adsorption of the

color produced. Solid lipofuscins in tissue slices also give the magenta color

by this method.



Spot tests were also carried out on a ppra k. u-, L!1. t hv sirve rv -

agents as above. Two processes were followed. In the first procedure, two drops

of the isolated compounds (A 0.5mg) were placed on the plate followed by two drops

of the periodic acid reagent and left to oxidize, for ?) r,11. This wal; followed

by 4 drops of the Schiff reagent and 4 drops of the sulfite solutin. The

second prdcedure involved the addition of the sulfite salotion hefare the Schiff

reagent. A magenta color was obtained with both processes. A blank was

used by substituting the isolated compounds solution with ') drops of distillvd

water. Although the blank runs also showed positive results in the beginning,

after the solutions were left to dry on the concave sorface i (,f til porcelailn

plate, different colors were obtained. The blanks showed a rietallic vellnw-blulsh

color while the samples showed a magenta color.

(2) Long Zichl-Neelsen Method - This is ano her meth. dutiIi; ,d to idcvLify

tissue lipofuscins and to characterize them; as "acid fa.st." \ -od i I,L io in lf

the method described by Pearse in his book (Pcarse, 1972a) l:i- been followed.

The sample, the control and the blank were prepared as were those for the pre-

vious PAS test, using Whatman paper and silica gel on plastic sheets. They were

inmmersed in distilled water for 30 seconds and then placed in the carbol fuchsin

solution for 3 hours at 60 C, washed with water and transferred to a 17, acid-al-

cohol solution. The silica gel plastic sheets with the sample showed a more

Intense magenta or red-violet color than the blank or the control. However, on

the papers no differences in color among the sample, blank and control could be

seen.

A spot test on a porcelain plate was also carried out. One drop of the

solution of the isolated compounds was mixed with one drop of distilled water

and one drop of carbol fuchsn solution. Phenylether and di!.tilled water were

used as control and blank, respectively. The porcelain plate was placed in an

iiF
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incubator and kept there at 600 C for 3 hmrs. The sanple developed a thick

film of light magenta color, Phenylether give a thini lilac colored film while

the blank developed a dark metallic blue spot. Solid tissue lipofusciTr produces

a bright red color when treated with carho' flichsir: solkuiim. According to

Pearse (Pearse, 1972b), any redness is conisidered a positive reaction.

(3) Alternative Nile Blue Method - A modificatioi of the method described

by Pearse in his book (Pearse, 1972c) has been followed. The sariiples, coritrols

and blanks were prepared as were those for the previous 1'AS Lest. These were

immersed in distilled water for 30 seconds and then they were soaked in the stain-

ing solution for 30 min. The staining solution was composed of 0.05% Nile Blue A

in 17. sulfuric acid. The sanmple, control mid blank were washed with water. The

sample as well as the control and the blank were stained dark blue with equal in-

tensity on both paper and silica gel. If washing the papers with water is omitted

after staining, and they are washed instead with acetone or ethanol, the color

is partially but equally removed from the blntik, control .id the sample. However

on silica gel, washing with ethanol or acetone resulted in less removal of color,

the sample's spot showing the greatest retention of blue color.

A spot test on i porcelain plate was carried ouit. Two drops of the solut ion

of the rheomelanins were mixed with two drops of distilled water and thet with

four drops of the Nile Blue A staining solution. A blue solution was obtained.

The blank and the phenylether control were also blue, however after one day

standing at room temperature only the rheomelanin mixture remained blue upon

drying, tho blank turned brown and the control became colorless. Solid lipofuscin

in tissue slices stains dark blue with Nile Blue A solution. Repetition of this

spot test gave the same results.
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(4) Schmorl Test - A modification of the proc-dure described by Pearse

in.hie book (Pearse, 1972d) was followed. The ferricyanide ,t.id the ferric chlorc!'-

solutions needed in this method were freshly prepared. The sa-p les, coitrols,

and blanks were prepared as were those for tCio previous I',S test.

The sample, cointrol and blank paper- we(re placer! in distilled we or for 1

minute and then they wore irmersed in the terricyanide selutlo- for 0 min, washecd

"4th water and dried. i'he saxiple's spot was stainod ble, while the cont. rol and

blank did not take the stain. Solid liptofuscils in tissue slices also stainm blue.

Argentaffin granules, active sulfhydryl groups, relaniii and llpofuscin are

L-own to reduce the ferricyanide to ferrocyanide, which is blue. Oni the other

hand, the sample spot or) the silica gel shet was stained bluish-green, while th,

phenylether control also stained dark blue. the blank did not show any color.

The blue stain with the phenylether can not be explained.

Spot tests on a porcelain plate were also done. One drop of the solution

of the isolated rheopielanins was mixed with 1 drop of distilled water and then

with 1 drop of the ferricyanide solution. A green colored precepitate formed

rapidly which a few hours later changed to dark blue, while the control and the

blank developed a green color slowly which changed to blue overnight.

(5) Sudan Black B Test - This is a lipid staining test. The method described

by Barka and Anderson in their book (Barka & Anderson, 1963) has been followed.

The same kind of qpecimens as above were placed in 70% ethanol for I minute and

then they were irmiersed in the Sudan Black B staining reagent for various periods

of time: 1 min, 5 min and 20 min. They were then rinsed with 70% ethanol, followed

by water. On the chromatography paper, the 1-min set comprised of sample, control

and blank showed no difference in color. After 5 min and 20 min of staining, the

sample developed a dark blue color. The control and blank were unchanged.
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On silica gel plates, only the sample was Stained blue, after 5 m t or 20 mnii

of immersion in the staining solution.

Lipids and lipoproteins are known to stain black or blue in this method.

Tn the spot te.t one drop of 70', ctn.1 t € p r'c1 '1 plate U;1,; ifixed

with one drop of Lhe water solution of the isolated rheomelanins and then with

one drop of the Sudan Black B reael. 'I'li iS Ii-: I Lire ;1V,, a b la,'l 0o 1( , wi II

changed to dark blue in a couple of di-ys. The control :;howed a purplih

dark blue color which turned brown in a couple of days. The blank showed

a black thin film which remained black upon drying.

(6) Chrome Alum Ilematoxylin Test - The method for this test is described

by Pearse in his book (Pearse, 1960). The same kind of sample, control and blank

were used as those before. The paper~and the silica gel plastic sheets were im-

mersed in distilled water for 1 minute and they were then transferred into the

acid permanganate solution for 2 min, and then bleached by immersion in 17 oxalic

acid for 1 min. They were then washed with water and stained in chrome alum

hematoxylin reagent for 10 min, and rinsed with water.

Only the samples were stained black-blue. The phenylether controls and the

blanks were unchanged. Solid lipofuscin In tissue slices also stains bhack-lblu_

with this method.

A spot test was done by adding to one drop of the sample one drop each of

distilled water, acid potassium permanganate, 1% oxalic acid, and chrome al(:m

hematoxylin, and mixing. The sample developed a purplish chocolate color which,

upon drying, showed a black-blue color. The control showed a brown color and

the blank showed a dark gray color upon drying.

(7) Protein Determination - Since lipofuscins are reported to c-ltain pro-

tein, it was important to do a total protein determination on our isolated sample.
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The general protein determination method of Lowry et al. was followed (Lowry et al.,

1951). This method showed a relatively higi protein content by the development

of a dark blue color.

(8) Specific Mucoprotein Test - Thc- proctedure Ac.rribcd by Grant & .rIchmar

(Grant & Kachmar, 1976a) using electrophirc:sis and staining has been folloved.

A concentrated solution of the isolated compounds was used ( 68 mg/Tnl).

The single yellow band obtained by electrophoresis was located around the

middle of the cellulose polyacetatestrip. This band gave the purple

color upon staining with Schiff's reagent, indicating the presence of Trucoproteinc"

in the isolated sample.

(9) Piosphoric Acid-Vanillin Lipid Determination - The procedure described

by Ellefson and Caraway (Ellefson & Caraway 1976b) has been followed. A con-

centrated solution of our isolated compounds has been used ( 68 mg/nl). A pink

color was obtained which indicates the presence of lipids in rheomelanins.



! i - • --

RESULTS AND PDTSCSI.l2.

We know little about the meaning of the different positive tests obtained

with the rheomelanins. The positive periodic acid-Schiff test may mean the presence

of carbohydrates and glycolipids, but tt can alsi indicate the presence of aldchydes

formed by the action of periodic acid on non carbohydrate conit-tining unsaturated

phosphatides. At present we know only that in the o.: idatio of lipids at certain

intermediate stage Schiff-positive groups form (i'earse, 1972b).

The quality of acid-fastness was demonstrated using the lotig Ziehl-N' else i

method. This test might indicate the presence of unsaturated latty acids (i'earse,

1972e).

The alternative Nile Blue method cesulted i: a dark blue color whici is reported

to be characterist ic of lipofuscin (iearse, 197) . Act, rdi . to Liillie, . : i'-

Live result is due to the presence of fatty acids (li.!1io, Y)-,6).

The Schmorl test proved to be positive with our isolated co p,.,u ds whic!;

suggests the presence of groups that reduce ferricyanide to ferrocyaide (Pearu,,,

1972d).

The Sudan Black B test was positive, indicating the presence of lipids in our

compounds. The Phosphoric acid - Vanillin reaction has also been perforied for

total lipid determination, and a characteristic pink color was obtained, althugh

a relatively small amount of total lipid was found.

The Chrome Alum Hematoxylin test gave the black-blue color which is ch racter-

istic of lipofuscins.

The presence of relatively large amount of protein has been demonstrated by

the method of Lowry et al. A specific test for mucoprotei'ns using electrophoresis

was also carried out and it was positive. Perhaps the relatively largo at aunt of

protein, the small amount of lipid in additiol to the presenice of mucoproto ll in

our compounds as compared to solid lipofusctn permits the rheorieelannins to be

soluble in plasma.

..... T''- 3 " "- 4 - --
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The rheomelanins are fluorescent and becai,;," of thils it is p,;Sible t,- rea:aure

their concentration in blood plasrw'a (Ilegedus, 1977). Solid lipof.ticins hv,: fluores-

cence maxima in the 430-470 nm region and excitation rmaxit.m., in the 350-380 tim region

(Tappel & Fletcher, 1970). The excit;,tion ,1,,, f III .,e;:oO r:aInges :Il maxImia of

rheomelanins in distilled water are similar t, these values (1.',.edus, jq77). 12e

positions of the fluorescence maxima of solid 1ipofuScilTh in solution PrIO apparently

uneffected by different solvents (Tauhold et 1., 1473).

It is not known so far what the rolc ni Iiopafu ci, liman agi.n:. Wh;! 1 is

known is that they accumulate with lncreasiri' ;1,;t, in to, ce I., in ditfereri -;l- ,t s

in the different organs, e.g. up to 7 iIZ of tlt cytoplas[c .,lume in lar4e nreir,.-s,

displacing vital organelles from their normal locations (trehler, 1979). Sim],:

the rheomelanins appear to be lipofuscIn-like :,Libstnicei , ",1nsurement of tihei con-

centration in blood plasma may provide a readily available scale indicativ,> of

the aging status in humans, independent of the chronolo~'ical age. The li;)ufuscin

described in all the studies on aging was solid, located in the cytoplasl:a of the

cells of various organs and hence not accessible for quantitative measureT-,cnts during

life. The accumulation of lipofuscin, also called "age pi.,went", with incretsing

age is observed in protozoa, nematodes, drosophilia and other s;pcies.

Based on the dry weight of the pigment, it appears thit solid lipollusc in is

made up of 20-507. of lipid, 30-60% protein and 9-20"" of hydrolysis resistant mcla-

nun (Miguel et al., 1977; Van Woert & Ambani, 1974; Van Woert et al., 1967). Kesearch

on solid lipofuscin suggests that unsaturated lipids In subcellular components are

peroxidized by free radicals. Then lipofuscin is formed by condensation of the auto-

oxidized unsaturated lipids with the products of progressive protein digestion, giving

increasingly insoluble solid polymers (Miguel et al., 1977). Solid lipofuscins and

rheomelanins exhibit electron spin resonance signals, indicating the presence of

free radicals in both (Van Woert et al., 1967; Ilegedus , Altschule, 1970b).

.4.
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